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SUMMARY

Rsilioisotopetracertechniqueswereusedto studythefollowing
phenomena:(1)Theeffectofthenickeldiponthedepositionofcobalt
metalduringfiringofa cobalt-bearinggroundcoatonpickledandsand-
blast~iron,(2)theeffectof surfacepretreatmentontheamountand
distributionofnickeldepositedfromthenickeldipon ensmelingiron,
and (3) theeffectofapp~cationandfiringofcobalt-freeandcobalt-
bearingenamelsonthechemicalformandphysicaldistributionofnickel
previouslydepositdon enamelingironbythenickeldip.

Theuseofradioactivenickelinthenickel-dipsolutionwasfound
to offerseveraladvantagesforstudyingthedepositionofnickelbythis
process.Autoradiographsgiveaninformativepictureoftheactualdis-
tributionofthedepositwithgoodresolution.Radioassayssxea quick,
nondestructivemethodofdeterminingtheamountofnickeldeposited,and
radioassaysweremadeonthessmemea of specimensatvariousstagesin
theprocessingto evaluatetheeffectofvarioustrealmmrtsontheamount
ofnickelretainedby theiron.

Theresultsoftheseveral
as follows:

(1)Thepresenceofnickel

experimentsmy

fromthenickel
effectonthe-depositionof cobaltmetalduring
bearingensmeloniron.

bebrieflysummarized

diphadlittleorno
firingof a cobalt-

(2)Thetypeof cleaning(sandblastingorpickling)mark~lyaffected .
theamountof cobaltdepositedduringfiringofa cobalt-bearingenemel
oniron.Heavierdepositsoccurredon sandblastedthanonpicklediron.

(3)Thedistributionofthenickelfromthenickeldipwasal~s
nonuniform,butthesizeofthesreasofheavierandlighterdeposits
wasmarkedlyaffectedby thepriortreatmentofthemetal.Heavydeposits
occurredatscratchesandotherareasthathadbeensubjectedto severe
cold-workinthesurface.
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(4)Thenickelfromthenickeldipremainedu metalattheenamel-
metalinterfaceduringfiringofbothcobalt-bearingandcobalt-free
enamelson&ckel+lippediron.Therewasno evidenceofoxidationof
thenickelfollowedby solutionintotheensmelglass,buttherewas
someevidencethatpartofthenickelwasseparatedfranthemetalupon
continuedfiring,probablybyundercutting.

INTRODUCTION

,, Themechanismresponsibleforthebondingofceramicstometalshas
beenunderstudyforseveralyesrsinthe@reeledMetalsSectionofthe
NationalBureauofStandards.Earlierreports(refs.1,2,and3) were “
concerndwiththemannerinwhichadherencedevelopswhencobaltions
arepresentinthecoating.Thefirstreport(ref.1),inwhichradio-
activecobalt60wasusedas a tracer;demonstratedconclusivelythat
cobaltmetalplatesontothesteelbaseduringnormalfiringof a
cobalt-bearinggroundcoat.Becauseofthesuccessofthisearlier
tracerstudy,itwasbelievedthatsimilartechniquesmightbeuseful
in a studyofthenickeldip.

Thenickel-diptreatmentconsistsofimmersinga freshlycleaned
steellsheetin anaqueoussolutionofa nickelsalt.Thenickelions
fromsolution,beingmorenoblethantheiron,aregalvanicallydepositd
onthesteelasmetal,whileanequivalentsmountofirongoesintosolu-
tion. Inpractice,theconcentrationofnickel,thetemperatureand
pH ofthebath,andthetimeof immersionarecloselycontrolled.The
smalldepositofnickelproduc~by thistreatment,ontheorderof
70milUgrsmspersquarefoot,producesseveralbeneficialeffectsduring
thesubsequentensmelingofthesteelsheet,oneofthemostimportantof
whichisanimprovementinadherenceoftheensmeltothesteel.

Theuseofradioactivenickelinthe-nickeldipoffersmanyadvan-
tagesin stu@Lngthedepositionthatoccursduringthisprocess.Auto-
radlographygivesan informative@xtureoftheactualdistributionof
thedeyosittithgoodresolution.Radioasssysoffera quickmethodof
detemuiningtheamountofnickeldeposited,which,becauseitisnon-
destructive,cambeusedat successivestepsofprocessingonthesame
areaofonespecimen.

Thepresentpaperdescribesexperimentsinwhichradioisotopetech-
niqueswereusedto study:(1)Theeffectofthenickeldiponthedepo-
sitionof cobaltmetalduringfiringof a cobalt-bearinggroundcoaton
pickledandsandblastiron,(2)theeffectof surfacepretreatmenton
thesmountanddistributionofnickeldepositedfromthenickeldipon
ensmelingiron,and(3)theeffectofapplicationandfiringof cobalt-
bearingandcobalt-freeporcelainensmelsonthechemicalformandplqwical

%?hesteelmostcommonlyusedforporcelainenamelingisa low-carbon o
(O.05percentorless),high-puritysteelknowntothetradeas enameling
iron.
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distributionofthedepositfromthenickeldip. A
(ref.4) isconcernedwithevaluationoftheeffect

3

compmionpaper
ofthenickeldipon

adherenceandpresentsa theorytoexplainthebondingmechanism.This
studyisonephaseofa broaderinvestigationoftheadherenceofcersmic
coatingstometalsbeingconductedattheNationalBureauofStandards
underthesponsorshipandwiththefinancialassistanceoftheNational
AdvisoryConmitteeforAeronautics.

Theradioactiveisotopes

ANDGENERALPROCEDURE

usedinthisstudywereprocuredfromthe
OakRidgeNationalLaboratory,OakRidge,Term.Radioactivecobalt60
wasusedintheformofoxideproducedby pileirradiationofnormal
cobsltoxidewhichwaschemicallypure. Thisisotopeisthesameas
thatusedina previousstudy(refs.’land 2). me radioactivenickel
63wasproducedbypileirradiationofhighlypurifiedcobslt-free
nickel.Itwasconvertedto nickelsmmoniumsulfateattheOakRidge
NationslLaboratorybeforeshipment.

Eachoftheseisotopescanbe positivelyidentifiedwhenpresent
inmicro~amquantitiesprovidedthereisno otherradioactiveconstit-
uentofthessmple;and,ifthegeometry,backscattering,andseU?-
abso~tionfactorssreknown,quantitativedeterminationscanbemade.
Theradioass~israpid,usuaUyrequiringbut1 minuteto obtainresults
of satisfactoryaccuracy,andleavesthespecimenunaffectedby the
determination.Theusualchemicalanalysisfornickeldepdsitson steel
requiresthatan sreaof0.01sqwe foot
sample.Thisareaiscoveredbya circle

diameter.Withradioactivenickelatthe
study,accurateradioasssyscouldbemade
indismeter.Theratioof sreasis *out

Theuseofautoradiography,inwhich

be stri~edto~rovidethe
approximatelyla inchesin

8
concentrationsusedinthis
onanareaas smaxI.an1/8tich
120:1.

a photographicfilmisplaced
incontactwiththespechenandissensitizedby-p&iclesemitt~dfrom
theradioactiveisotope,offersa stillhigherdegreeofresolution,
whichunderthemostfavorableconditionsmaydistinguishbetweenaxeas
0.001inchorlessindiameterand0.001inchapart.TheUea involved
inthiscaseisonlyabout1/1,800,000asmuchaathatnormslllyusedfor
chemicalanslysis.In studyingthedistributionoftti deposits,there-
fore,theuseofradioactiveisotopeshasgreatadvantages.Theamount
ofdarkeningproducedon a photographicfilmthathasbeenexposedin
contactwitha specimencontaininga radioactiveisotopedepositedon
itssurfacewillbesra directrelationshiptotheamountoftheradio-
activeisotopeonthespecimen.Also,thevariationintheamountofdark-
ening,orthedistributionoflightanddarksreas,willgivea goodpicture
ofthedistributionofthedeposit.Spuriouseffectscsnbe produced,how-
ever,by self-absorptionandreflectionofther~ations,particularlyif

.
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theradioactiveisotopeisdistributedwithinthebodyofthespecimen.
IftheradioactiveisotopeiS depositedonthesurfaceof a specimenof
uniformdensity,as intheseexperiments,spuriouseffectsdueto the
surfacetextureofthespecimenorto self-absorptionofradiationwithin
thedepositedradioactivematerislcansometimesarise.

IlfordNTBfilmwasusedinmslsingtheautoradiographsofthemetallo-
graphicsectionsandEastmanSuperXX,forthoseofthelargepickled
specimens,thefilmbeingclampedsgainstthespecimento insurecontact.

Enamelinggradeof steelwasusedinalloftheexperimentsreported
inthispaperandwasof20-gagethiclmessunlessotherwiseindicated.
KU spechenswerecutto size,markedforidentification,andpunched
forhsmgingbeforecleaning.

Allpicklinnwasdoneby theprocedureoutlinedintableI,except
thatin somecasesthenickel-diptreatmentwasomitted,inwhichcases
steps6 and7werebypassed,thespechensbeingtransferreddirectly
fromtheacidrinse,step5,totheneutralizer,step8. Allsandblasting
wasdonewith40-meshglasssand,using80poundsof & pressure.sand-
blastedspechensthatwerenickeldi~edweretreatedas indicatedin
tableI,beginningwithstep6 andfollowingthroughtheremainderofthe
procedure.

Thenickel-dipsolutionwasprepsredas indicatedintableI, and
to 1 literofthissolutionwasadded1 ~am oftheradioactivenickel
~niw stiateNNo4-(NH4)2s04”6~0forthoseexperimentsinwhich
radioactivenickelsolutionwasused. Thismaterialhada specific
activityofapproximately0.8~icurie pergram.

Threeground-coatenamelswereused:(1)Atypicsllone-fritground
coatI-2(ref.1),(2)enamelI-2R,producedby additionof0.0075percent
ofradioactivecobalt60sso=de tothefritbatchofensmelI-2(ref.1),
and(3)enamelI-1,producedby elJminationoftheoxidesof cobalt,
nickel,andmanganesefromthefritofensmelI-2(ref.2). AU enamels
wereprepsredby stsndsrdproceduresasoutlinedinreference1 sndwere
appliedby dippingtoproduceanenameloffiredthicknessof
0.005: 0.001inch.Thespecimensweredriedat220°F andfiredinan
electricallyheatedboxtypeoffurnaceundertheconditionsindicated
inthetables.

Radioasssysweremadeby counting~he”pulsesproducedby theaction
ofthebetaorgammaraysona Geiger-MuXLertube,thecountsbeing
indicatedon a decadescaler.Forthecountsonmetslspecimens,a
Tracerlab!MX!-3tubewaswed withno shielding.An sluminumcapwith
a l-inch-diameterholeinthecenterwasplacedovertheendofthetube,
andthiscapwasheldin closecontactwiththesurfaceofa spec-n

.

duringthecount.Forcountson chipsordriedresiduesfromsolutions,
w
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.
a Tracerlab‘IUC-ltube,mountedinsidea shieldhavingleadwalls2 inches
thick,wasused. Inthiscasea plasticrackwithadjustableshelveswas
usedto insurereproduciblepositioningofthespecimenswithrespectto
thetube.Thecountswerecorrectedforbackgound,btino corrections
weremadefordecayoftheisotopesbecausethedurationoftheexperiments
wasnegligiblecomparedwiththehalflives.

A calibrationexperimentwasperformedtorelatetheradioasssycounts
totheamountofnickelpresentonthespecimensasdeterminedlychemical
analysis. Ten20-gageenameling-tionspecimens4 by 4 incheswerepre-
pared.Fivespecimenswerecleanedby picklingandfive,by ssmdblasting.
Thesespecimenswerethentreatedintheradioactivenickel-dipsolution
forvsrioustimesto depositdifferentweightsofnickel.Aradioasssy
wasmadeontwomsrkedareasoneachspecimen,andthecountwasrecorded.
Themount ofnickelontheseareaswasdeterminedchemicallybystandard
calorimetricprocedures,usingthestrippingmethoddevelopedby Ikenberry
andCanfield(ref.5).2 Thedatasxe“showninfigure1 andindicate
exceKientcorrelationbetweentheradioasssysandchemicaldeterminations
ofthenickelonthespecimenstreatedwithradioactivenickel.Thefact
thattheobservedpointsfallalonga straightlinepsssingthroughthe
originindicatesthatspuriouseffectsdueto self-absorptionofthe
radioactivenickelwereabsentoverthersmgeof depositscoveredinthis
study.

ExeERmALPRocEDuREANDRESUITS

Effectofnickeldipon cobaltdeposition.-Tw&lvespecimens,
2by~ inchesin size,werepreparedandmarkedforidentification.Six
specimens,identifiedwiththeletterP,werecleanedbypickling;three,
Pl,P2,smdP3,withthenonradioactivenickeldip;andthree,P4,P5,
andP6,without.Sixotherspecimens,identifiedwiththeletterS,were
cleanedby ssndblastingjandthreeofthemySljS2jsndS3Jwereslso
nickeldipped.

Radioactivecobslt-bearingenamelI-2Rwasappfiedto allspecimens
andfiredas indicatedintableII. Thespecimenswerethendeenameled
inmoltensodiumhydroxideatabout800°F, allowedto coolin air,
rinsedinrunninghotwater,anddried.Previousexperiments(ref.1)
haveshownthatthistreatmentremovestheensmellayer andwithitthe
radioactivecobaltpresentasoxide.Countswerethenmadeto compare
thesmountsofmetdd.iccobaltdepositedonthesteelfromtheenamel
duringfiring,underthevsriousconditions.

%!henickeldeterminationsweremadebyMissNancyBalint,formerly
a memberoftheEnsmeledMetalsSection.

._——— — .
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Theresults,shownintableIIj
menthadlittleeffectonthesmobt
enamel-metalinterface.Significant

.

indicatethatthenickel-diptreat-
of cobaltmetaldepositedatthe
differenceswerefoundintheamounts

of cobaltdepositedon sandblastedsmdonpickledsteel.~ everycase
morecobaltwasdepositedon sandblastedthanonpickledsteel.The
differencesaregreatestontheunderflredspecimenssnddecreasewith
increasedfiring.

Effectof cleaningtreatmentondepositionofnickel.- Several
experimentswerecsrriedoutto determinetheeffectof cleaningtreat-
mentonthemountanddistributionofthe.nickeldepositedfromthe
nickeldip.

h ordertomakea prelhninsrytestforspuriouseffectsor anomslies
duetothesurfacetextureofthespechens,fourspecimensof16-gage
steelweretreatedto givesurfacesofdifferentdegreesofroughness.
Onespecimenwasmechanicallypolished,onewaspickled,onewasssmd-
blasted,andonewassandblastedandthenpickled.Eachofthespecimens
wasthenplatedwithradioactivenickel,usingtheelectrolesscatalytic
reductionprocessdevelopedby BrennerandRidden(ref.6). Thispro-
cessproducesa thin,uniform,continuouslayerofmetallicnickelon
thesurfaceofthesteel.Autoradiographsofthesespecimenswerethen
made. M everycasetheautoradiographsweredarkenedtiormly, indi-
catingthatno spuriouseffectswerepresentwhichmightgivenonuniform
exposureintheautoradiographeventhoughtheradioactiveisotopewas,
infact,uniformlydistributedoverthesurfaceofthespecimen.

Sevenadditionalspecimensof16-gagesteelwerepreparedandpre-
treatedasindicatedintableIII,afterwhichtheyweretreatedfor
5 minutestitheradioactivenickelsolution.Radioassaysweremadeon
eachspecimento evsluatethesm.ountofnickeldeposited,andautoradio-
graphsweremadeto showthedistributionofthedeposit.Theresults
indicatethatthesurfacepretreatmentofthespechnenmarkedlyaffected
theamountofnickeldeposited.Theradioassaysindicatethatthegreatest
smountofnickelwasdepositedonthesan?161astedspecipens,smslllerbut
a~reciablesmount~weredepositedonthepolishedspecimens,andthe
leastwasdepositedonthepickledspechnens.Onepolishedandonesand-
blastedspecimenwerepickledbeforethenickel-diptreatment.This
picklingmarkedlyreducedthesmountofdepositb eachcase.

Theautoradiographs,showninfigure2, indicatethatineverycase
thenickelwasdepositedfromthenickeldipina nonuniformlayer.This
wouldbe expected,since,theoretically,substantialareasof ironmust
remainincontactwiththesolutionforthegalvsmicplatingreactionto
proceed(ref.7,discussionby Bhun).l%emostsurprisingfactsbrought
outby theseautoradiographswerethestrikingdifferencesinthepatterns
ofthenickeldeposits.Onthesandbl.&%edspecimens,thenickelwas
appsrentl.ydqyxitedonverysmallsreasratherclosetogether,thegeneral
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impressionbeingsimilartothatproducedby a grainyphotogaphicfib.
Inthecasesofthepolishedandthepickledspechens,thepatternis
nmchcoarser.

Thereweretwoheavyscratcheson specimen5 beforeitwaspickled.
Theautoradiographshowedthatveryheavydepositsoccurredonthese
scratches.Onthepolishedspecimensthereslsoseemedtobe heavy
depositsfollowinga patternof scratches.

Thedifferenceinthegenerslpatte?mof depositobservedinpickled
specimens> and11 isrealsndmoreorlesstypicalofwhatmaybe expected
withpickledspecimens.Thetotalamountofnickeldepositedisabout
thesaneinthetwocases,as indicatedbytheradioassaycountsreported
intableIII. Apparently,theheavyscratcheson specimen5produceda
relativelysmalltotalareaof cathodiciron,onwhichthenickeldeposited
heavily,anda relativelylargeanodicareawithnonickeldeposit.b
thecaseof specimenU.,thetotalsreaof cathodicironismch greater,
snda mch lighterdepositofnickeloccurredonthemajorityofthis
mea.

TheseresultsconfirmthefindingsofWesleyandCopson(ref.7),
whoreportthata sulfuricacidpickleshortlybeforeimmersionofthe
steelinthenickelbathresultedinanunevensporadicnickelcoating,
presumablyb~causethepicklingformedlargeanodicareas.Wainerand
Baldwin(ref.8)alsoascribethevariationinnickeldepositencountered
inensmelingpracticeto amodicpassivityinducedbythesulfuricacid
pickle.

Althoughnotofp?+naryhnportanceinthisinvestigation,thevsri-
ationintheamountofnickeldepositedduringthenickeldipwithtime
oftreatmentmaybe of interest.Theseresultsareshowninfigure3
andserveto emphasizetheeffectoftypeof cleaningontheamountof
deposit.Whenotherconditionsareconstant,theSDlountofdepositis
a functionofthetimeoftreatment.Thedifferentresultsobtained
withthetwomethodsof cleaningserveto emphasizetheeffectsofthe
surfaceconditionofthemetalontherateofnickeldeposition.

Oppositesidesofthessm sheetofmetalmaysometimeshavesome-
whatdifferentsurfaceproperties,sothatdifferentsmountsofnickel
aredepositedduringpickling.An exampleofthisis shownby theradio-
assaycountsintableIV. SpecimensT1 throughT5werecutfromadjacent
sreasofthesamesheetofmetal,theidentificationnunibershavingbeen
stampedonthesideofthespecimenscorrespondingtothe“front”surface
oftheoriginalsheet.The“back”sideofthespecimensgaveineach
casea higherreading,buttherewasno consistentpercentagedifference.
Thisdifferenceperhapsmaybe dueto somecausesuchasthesheet’s
havingbeenatthetoporbottomofa pileduringannealing.
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Theautoradio~aphs
~ - by &inch spechnens

.

showninfigures4(a)andh(b)weremadefrom

thatwerecleanedby picklingandsmdblasting,

respectively.Thepickledspecimenwasdriedafterpickling.Several
scratchesweremadewitha dismondpencilina crosshatchpatternoneach
specimen,afterwhichthespecimenswerenickeldippedintheradioactive
nickelsolution.Radioassaysmadeinunscratchedareassf%ernickel
dippinggavenetcountsof23-perminuteforthepickledspecimenand
1,756perminuteforthesandblastedspecimen.Theautoradiographs,made
withexposuretimesof 6 hoursforthesandblastedspecimenand15 days
forthepickledspecimen,alsoshowthismarkeddifferenceinactivity ●

ofthespecimens.

A heavydepositofnickeloccurredatthescratchesonthepickled
specimen,butthedepositatthescratchesonthesandblastedspecimen
ishsrdlynoticeableintheautoradiograph.Thissuggeststhatcold-
workofthesteelmaybe responsiblefortheheavydeposit.

To checkthishypothesis,specimensweretreatedwithalkalinecleaner
andcold-worked,as indimtedintableV,by rollingandstretching,after ~
whichtheywerenickeldippedinradioactivenickelsolutionandcounted.
Rollingwith~olishedrollsmarkedlydecreasedthesmountofthenickel
deposit.Picklingafterrotig increasedtheamountofthedeposit,
butitwasstilllessthanthatontheundeformedmetal.Stretching
increasedthedepositslightly,butpicklingsfterstretchingdecreased
thedeposit.Apparently,theroJUg treatmentmsrkedlyreducedthe
reactivityofthesurface.Thismightbe dueinpartto thereduction
inavailableswrfaceperunitareaproducedbyrolling.

Anautoradiographofoneofthestretchedspecimensrevealedtwo
interestingphenomena.Therewereseveralheavydepositsofnickel
su~esti.ngscratches=butcasualobservationofthespectienrevealedno
scratchesattheseareas.Microscopicexaminationofthesyecimen,how-
ever,didreveal.thelocationof extremelyfinescratches,formingthe
samepatternastheheavydepositintheautoradiograph,thatcouldbe
seenwiththeunaidedeyewhenproperlyilluminated.Also,heavydeposits
ofnickeloccurredinsma12areasinan irregularpattern,andsimilar
sxeasappearedonthespecimen.Aphotomicrographandautoradiographof
thisspecimensreshowninfigure~.

Theareaswhichappeardarkinthephotomicrographareas cleanas
thesurroundingmetalbuthaveslightlydifferentreflectioncharacteristics.
Theyarenotreadilyvisibleunderordinarydiffuseilluminationbutare
easilyseenasdarkareaswhenthespecimenisilluminatedobliquelyby
a lightsourceof smallareaandviewed‘slightlyoffthedirectionof
mirrorreflection.Microscopicexaminationatmagnificationsup to .
150diametersrevealedno differencesinthesurfacetextureofthemetal
intheseareas.Whenthelotof steelfromwhichthisparticularspecimen
wascutwasexsmined,a thinlight-browndepositina patternsimilarto .

.
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thatofthedarkareaswasfoundto occurononesideofa fewsheets,
andspecimenscontainingthesesxeasdevelopthedarkareasafterpickling.
Thenatureofthisbrowndeposithasnotyetbeenestablished,butitmay
be formedbyincipientrusting.Thedarkareaswereapparentlycathodic
on somespecimensandanodicon others,forinsomecasesheavydeposits
occurredonthemandinothercasesno depositofnickelwasobservedon
thedarkareas.

Effectoffiringonnickeldeposit.-l’welve2-by A-inchspecimens
werecutfrom20-gagesteelandmarkedforidentification.Sixspecimens
werecleanedby sandblastingandsix,bypickling;thentheywereall
nickeldippedintheradioactivenickelsolution.Radioassaysweremade
atknownareasonallspechens,titerwhichtheywerecoatedwithenamelI-2
as indicatedintableVI andthendeensmeledinmoltensodiumhydroxide
at800°F. Thistreatmentremovestheenamelcompletelybutdoesnot
completelydissolveanyironoxidethatmaybepresentattheenamel-metal
interface.Aftercoolingtoroomtemperature,thespecimenswererinsed
inhotrunningwateranddriedat225°F, sfterwhichtheyweretreated
withwarm10-percentammoniumcitratesolution,whichdissolvedand
loosenedtheiron-oxidescale.Theywerethenscrubbedintheamonium
citratesolution,rinsedinrunningwater,anddried.Radioassayswere.
madeonthespecimensinthesamepositionsasbefore.A radioassayon
a 2-mil131iteraliquotofthe500millilitersof soithunhydroxideused
to deenamelcil.1specimensgavea netcountof1 or2 perminute,indi-
catingpracticallyzeroactivity.A radioassayontheammoniumcitrate
solutionalsoindicatedzeroactivity,buttherewasan insolubleradio-
activeresidueinthebottomofthebeakerofsmmoniumcitrate.

Theresultsindicatethatno consistenteffectuponthedistribution
ofthenickeldepositwasproducedby thepresenceorabsenceof cobalt
oxideintheenamel.Therewas,however,an effectoffiringtreatment
as shownintableVI. Ingeneral,theamountofnickelremainingonthe
spectienafterthetreatmentwasreducedby increasedseverityoffiring, ‘
but,eveninthecaseoftheoverfiredspecimens,a majorportionofthe
nickelremainedonthesurfaceofthesteel.Theobserveddecreasein
countcouldbe accountedforeitherby absorptionofthebetaraysby a
thinfilmofoxideorothermaterislnotcompletelyremovedinthe
deenamelingtreatment,whichdoesnotappearlikely,orby diffusionof
thenickelintotheironduringfiringanddeenamelingofthespecimens.
Themostlikelyexplanation,however,isthatsomeofthenickelwas
detachedfromtheironby undercuttingduringftiingandwasmechanically
removedduringthedeenameling-treatments.Theradioactiveinsoluble
residueintheammoniumcitratesolutionprobablycontainssuchparticles.

Metallographicsectionsweremadeof otherspecimensthathadbeen
nickeldippedinradioactivenickelsolutionandthenensmeled.These
sectionsweremadeata veryslightangletothemetalsurfacesoasto
reveala largerareaof anyinterraciallayershavinga f3nitethichess.
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Theexposedsurfaceis increasedby a factorofabout50 inthiscase.
Autoradiogaphsofthemetallographicsectionsindicatethatthenickel
is concentratedattheenamel-metalinterface,as showninfigure6.
Therewasno evidenceinanyoftheautoradiographsof solutionofthe
nickelintotheensmel.

Additionalspecimensweremountedwiththeenamel-metalinterface
psralleltothesurfaceofthemount.Theensmelonthebackofthe
specimenandmostoftheironweregroundoffona lap,andtheremainder
oftheironwasremovedby solutioniniodine- potassiumiodidereagent.
Thisreagentdissolvesmetalliciron,nickel,andcobaltbutnottheir
oxides.Afterdissolvingtheiron,thereagent,contaj-gthedissolved
metal,wasdried.Radioasssysofthedriedresidueshowedittobe quite
radioactive.Similsxradioassaysonthechipsindicated~racticallyno
radioactivityonmostofthechips.Thehighestvalueonanychipwas
a netcountof11.5perminutefroma specimenwhichhada netcountof
3,307befme enameling,as shownintableVII.
thatthenickelfromthenickeldipremainsas
interfaceanddoesnotoxidizeappreciablynor
moltenenamelduringfiring.

Theseexperimentsindicate
metalattheenamel-metal
go intosolutioninthe

DISCUSSION

The
fromthe

experhentswithradioactivecobaltindicatethatthenickel
nickeldip had only a minoreffectontheamountof cobaltmetal

depositedatthee-&mel-met-&linterfaceduringfiringofa cobalt-besring
enamelon iron.However,theseexperimentsdidshowthatunderotherwise
identicalconditionsmorecobaltwasdepositedon sandblastedthanon
picklediron,particularlyonunderfiredspechens,andthatthisdiffer-
encetendsto decreasewithan increaseinfiringtreatment.Similarbut
morepronounceddifferenceswereobservedintheamountofnickeldepos-
itedfromthenickeldipon sandblastedandpickledhon. Thissuggests
thatthecobsltisdepositedfromthemoltenenamelduringfiringby a
gslvanicprocesssimilarto thatbywhichnickelisdepositedfromthe
nickeldip.

Theobservationthatthenickelfromthenickeldipisalwaysdepos-
itedina discontinuouslayerisonethatwouldbe expectedofa galvanic
deposit.Themarkeddifferenceinpatternsproducedonpickledandsand-
blastedironseemsto indicatethatthesurfaceofa pickledspecimenis
notsouniforminreactivityasthatof-asandblastedspecimen,or at
leastthatthenonuniformitiesona sandblastedspecimenoccurona much
smsllerscalethandothoseona pickledspecimen.

‘T&observationthatheavydepositsofnickeloccuron sandblasted
.

specimens,onpolishedspecimens,andat scratchesonpickledspecimens
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indicatesthatmetalthathasbeenseverelycold-workedismoreeasily
replacedby nickelinthenickeldip. Thisinferencewouldalsoexplain
whyno exceptionaldepositwasnotedat scratcheson sandblastedspecimens,
becausetheentirestiaceof suchspecimenshasbeenseverelycold-worked
anda heavydepositoccursatallsandblastedsreas.Theorywouldpredict
thatstrainedmetal.wouldbe ina higherenergystaterelativetounstrained
metalfid,hence,morerapidlydissolved.Thistheorywouldalsoexplain
theeffectofpicklinginreducingthedepositobtainedon sandblasted
andpolishedmetal,forthestrainedmetalwouldbe removedmorerapidly
thanunstrainedmetalinthepicklingtreatment,reducingtheactivity
ofthesurface.

Thestretching treatmentofup to 10-percentdeformationdidnot
appreciablyincreasethesmountofnickeldepositionandtherolling
treatmentactuallyreducedit. Thus,ifitis assumedthatthestateof
cold-workofthesurf=eisforallpracticalpurposesthecontrolling
factorintherateofdeposition,itwouldappesrthattherollingand
stretchingtreatmentsproducea lessintenselocallzedsurfacedistortion
thando sandblastingandscratching.However,thenickelpicklilingprocess
constitutesa heterogeneoussurfacechemicalreactionframa watersolu-
tion,involvingtheformationofironionsatthemetalsurface,the
resorptionofthesethrougha waterlsyer,theadsorptionofnickelions,
sndtheconversionofthesetometallicnickel.Sinceanyorallof
theseprocessesmsysignificantlyaffectthereactionratesndme sensi-
tiveto surfaceconditionsontheatomicscale,it is quitedoubtful
whethertheobservationsreportedhereshouldbe attributedsolelyto
cold-worldngeffects.

Theobservedincreaseindepositon sandblasted,polished,and
scratchedareasmightalsobe dueh parttothemechanicalcleaning \
actionandtheformationoffreshsmfaceswhichme clesmerthanthose
producedinpickling.Itisextremelydifficult,however,toproduce
mechanicallya chemicallycleansurfacewithoutatthesamethe producing
appreciablecold-workinthesurface.

Theradioassaysontheresiduesfromthechemicalseparationsof
enamelandmetalafterfiringindicatethatthenickelremainsasmetal
attheenamel-metalinterfaceandisnotdiffusedintotheenamel.The
autoradiographsofthemetallographicsectionsoffiredspecimensalso
supportthisfinding.Thisbehatiorconformsto theelectrolyticcorrosion
theory,sincethemorenoblemetal,nickel,in contactwiththelessnoble
metal,tion,shouldbe galvanicallyprotectedagainstotidationsolong
asthereisanyunoxidizedironpresent.Theobserveddecreaseinradio-
activitywithincreasedfiringtreatmenton specimensthatwereensmeled
anddeensmeledmightbe causedby undercuttingof smallareasofthe
nickeldeposit,sothatthesemetxild.icparticlesfellorwererubbedoff
duringthedeenamelingor smmoniwncitratetreatmentandsettledto the

-.. .—___ — .—
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bottomofthesesolutions.Thisexplanationwouldaccountforthe
radioactiveresiduefoundintheammoniumcitratebeaker.

Natio@ BureauofStandards,
Washington,D. C.,March20,1955.

.

.
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TABIEI.-PICKLINGPROCEDURE

Solutioncomposition

Rep Concentration, Timeh
Material percen% Temp.,% bath

1 Oakitecleaner 5.1 20min

2 Water -------- 2min

3 Water -------- 140 lmin

4 H2S04 7 150to 154 15min

5 Water -------- 140 30 sec

()
6 NiS04=NH4@04*6~0 154to158 5mjn

(P:”;.o)

7 Water -------- 70 *3 to 4 sec

8 NaCN .38 w to x26 15Sec
NaOH .20

9 Water -------- ~ 140 lmin

10 Transferto dryerat225°F

?Boiling vigorously.

“
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TABLEII.- COUNTSONSPECIMENSENAMELEDWITHFUDIOACTIVE

COBALT-BEARINGENAMELANDTEENDEENAMEIED

Specimens

P1

P2

P3

P4

P5

P6

S1

S2

S3

S4

S5 ‘

S6

Cleanedby

Pickling

Pickling

Pickling

Pickling

Pickling

Pickling

Sandblasting

Sandblasting

Sandblasting

Sandblasting

Sandblast@

Sandblasting

aAbovebackground.

Nickeltip

Yes

Yes

Yes

No

No

No

Yes

Yes

“Yes

No

No

No

Firingtreatment

Time,min

4

4

6

4

4

6

4

4

6

4

4

6

Temp.,‘%’

1,450

1>575

1,750

1,450

1,575

1,750

1,450

1,575

1,750

1,450

1,575

1,750

Netcounts

3,240

11,800

20,400

3,940

10,700

=, 600

8,840

13,100

a,500

8,870

14,600

24,700
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.

TABLEIII.- 13?FECTOFSURFACE~ ON

AMOUNTOFNICKELDEPOSITEDINNICKELDIPa

I

Specimen CleaningtreatmentNetcount Distributionofdeposit
(b) (c)

‘2 s+Pi 3,140 UnMorm

3 s 2,610 Fine

4 S+Pi w Coarse

5 Pi 251 Verycosxse

7 Po+ Pi 252 Verycoarse

9 Po 707 Verycoarse

10 Po+E 653 Verycosxse

U. Pi 272 Verycosxse

aKU.spechns treatedfor5 mininradioactivenickelsolution.

bS,sandblast;Pi,pickle;Po,polish;E, etch.

%valuatedbyautoradio~aph.Seefig.2.

‘NickelplatedbyBrenner-Riddellprocess(ref.6).

.

.

.
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TABLEIV.- EFI’ECTOFTIMEOFTHWMINT ON

AMOUNTOFNICKELDEPOSTI!IIDINNICKELDIE’

Netcount
Spechen Cleanedby Timeoftreatment,min

Mont Back

T1 Pickling 1 26 49

T2 Pickling 2’ 42 50

T3 Pickling 3 105 134

T4 Pickling 4 172

T5 Pickling 5 151 215

.

17
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TABLEV.-NICKELDEPOSITIONON COLD-WO- SPECIMENS

DefOrmeda Treatment
Specimen Netcount

w Amount,percentafterdefamation

o None o None 166
1 Rolling None 177

Rolling : None 90
; Rolling None 58
4 RoUg : None 84
5 Rolling 10 None

o-P None o Pickled 75:
1-P Rolling 2 Pickled 436

Roll@ 4 Pickled 616
;:: Rollinn 6 Pickled 584
4-P Rolling 8 Pickled 707
5-P Rotig 10 Pickled 580

b 1 S*. Stretching 10 Pickled 594
b“2St. Stretthing 10 Pickled 686
b 3 St. Stretching 10 None 871
b 4 St. Stretching 10 None 840

aAlls~ecimensweretreatedwithalkalinecleaner(steps1, 2,
and3,tableI)beforedeformation.

bPickledbeforetreatment.

—



NACATN 3577 19

TABLEVI.- COUNTSONSPECIMENSTREATEDWITHRADIOACTIVE

NICKELDIT,ENAMELED,ANDTHENDEENAMELED

~~1 Firingconditions~et~omt on
,CtienNetcounton type Tw deenemeledPercentofbareiron Temp., original

(a) “*’ %
iron

Pickledspecimens

P1 1,033 CF 4 1,450 696 67.4

P2 I,416 c!? 4 1,575 1,100 77.6

P3 898 CF 6 1,750 488 54.3

P4 926 CB 4 1,450 680 83.4

P5 674 CB 4 1,575 494 73.3

P6 780 CD 6 1,750 501 64.2

Sandblastedspecimens

S1 6,440 CF 4 1,450 5,900 91.7

S2 5,665 (a? 4 1,575 4,850 85.6

S3 7,462 cl? 6 1,750 6,100 81.7

S4 6,838 CB 4 1,450 6,430 94.0

S5 6,185 CB 4 1,575 5,400 87.4

S6 6,373 CB 6 1,750 4,970 78.0

aCF,cobalt-free;CB,cobalt-bearing.

-—- _——
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TAIXEVII.- RADIOASSAYSAFTERCHEMICAL.

SEPARATIONOFENAMELANDMETAL

Netcounton
Coating

Netcount
Firing

type conditions
@ec~n %eforeenmeling Residuefrom

chiP 12-~ solution
(a) (b)

14 3,307 CB N ld.5 1,8go

15 2,130 CF N E’ 2,110

17 3,844 CB u 59 1,510

18 3,676 CB o 17 I,620

19 3,091 CF u 104 1,800

20 3,608 CT o 61 1,800

%, cobalt-bearing;CF,cobalt-free’.

%? 4tiat l,575°F~ U,kminat l,450°F; O, 6minat
1,750UF.

.

.
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Fi~~e 1.-Relationofnickel63activitycountto chemicalanalysis.

Countsobtainedon specimensnickeldippedinradioactivenickel
solutionme plottedas a functionofweightofnickelpresentin
samemarkedareaasdeterminedchemically.
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Figure2.-Autoradiographs(Xk)of specimensdescribedintableIII.
Thetwoheavylinesonautoradiographof specimen5 occurwhere
scratcheswerepresenton specimenbeforepickling.
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(a) Pickled specimen.
L-91679

(b) Ssndblaated specimen.
<2

Figure 4.-Autoradlo~aphs,natumlsize,ofpickledandsandblasted spectins after nickel dlpplng
h radioactive nickel aolution. I!othspecimrw were scratched with a diamond pencil in a cross- i

hatch pattern before nickel dipping, but heavy depxits occurred only on scratched sxeas of
pickled apechen. 5
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(a) Autoradiograph.
~-91680

(1)) Photmlcrograph.

Figure 5.- Autoradiogaph ad photomicrograph, both X4, of specimm which had been stretched In
temion amd then nickel dipped in radioactive nickel solution.
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(a) Photxanicrograph.
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(b) Autoredio~q)h.

Ffgure 6.- Photomicrograph and autoradio=aph, both X5, of tapered metallographlc section of
.

porcelain-enameledsteel specimen that had been tickel dipped in radioactive nickel solution
before enameling. Tnere is no evidence of migration of nickel into enmnel or metal. The
few large black dots on autoradiographabove he of interface occur at bubbles in enamel
which penetrated throu@ to metal, exposing radioactivenickel on surface of steel.
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